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KEY POINTS

e Lung transplantation is the only viable treatment option for patients with severe irrecoverable
coronavirus-19 (COVID-19)-associated acute respiratory distress syndrome or life-debilitating
post-COVID fibrosis and shows promising short-term outcomes.

e COVID-19-related respiratory failure lung transplantation requires strict patient selection and exten-

sive lung transplant evaluation must be done.

e COVID-19-related respiratory failure lung transplants are complex and should be done at high-

volume centers with multidisciplinary teams.

INTRODUCTION

The novel coronavirus-19 (COVID-19) has infected
more than 490 million people since the start of the
pandemic in March 2020, causing over 6.1 million
deaths.! Although some patients remain asymp-
tomatic, COVID-19 infection has been shown to
cause anywhere from common cold manifesta-
tions to severe iliness, characterized by respiratory
and multi-organ failure.? In fact, 15.7% of COVID-
19 patients are noted to have severe illness mani-
festations.®> Although several organs may be
affected by COVID-19, the lungs are the primary
site of disease, with 6% to 10% of patients with
COVID-19 ultimately developing severe acute res-
piratory distress syndrome (ARDS), requiring me-
chanical ventilation and extracorporeal
membrane oxygenation (ECMO).*° Subsequently,
the mortality of patients with COVID-19-
associated ARDS requiring mechanical ventilation
can exceed 20% to 40%.%7 Furthermore, there is
a subset of survivors from COVID-19 acute lung
injury who are left with chronic lung disease neces-
sitating supplemental oxygen and impairing their

mobility.® This review article discusses the
emerging role of lung transplantation in treatment
of patients with COVID-19-associated respiratory
failure, both acute and chronic.

NATURE OF THE PROBLEM

With the continuously increasing number of
COVID-19 cases due to multiple waves of the
pandemic, the number of patients developing
COVID-19-associated ARDS, requiring prolonged
mechanical ventilation and extracorporeal sup-
port, or significant morbidity from COVID-19-
related chronic lung disease is expected to rise
or remain high. Therefore, when medical therapy
fails, it is important to consider lung transplanta-
tion as a life-saving and life-altering treatment of
patients with COVID-19-associated ARDS and
post-COVID chronic lung disease, respectively.
Lung transplantation is a well-established ther-
apy for a variety of end-stage lung diseases,
such as idiopathic pulmonary fibrosis, chronic
obstructive pulmonary disease, cystic fibrosis,
and pulmonary hypertension.® Currently, over
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4000 lung transplants occur annually worldwide,
with a median survival of 6.7 years.'®"" However,
before the COVID-19 pandemic, lung transplanta-
tion was rarely considered for patients with
ARDS.° There are multiple concerns raised when
considering COVID-19-associated lung disease
patients for lung transplantation. First, there is a
concern that COVID-19 or superinfecting patho-
gens associated with viral or ventilator-associated
pneumonia in the native lung may recur in the newly
transplanted lungs. Second, due to severe damage
caused by COVID-19 infection, there are technical
challenges to transplantation, which may increase
ischemic times and worsen transplant outcomes.
Third, there is a concern regarding transplant re-
covery as COVID-19 patients are severely decondi-
tioned from prolonged mechanical ventilation,
sedation, and neuromuscular blockade. Finally,
there is an uncertainty as to whether the native
lung may recover, which could result in long-term
outcomes preferable to lung transplantation.'?

Despite these concerns, lung transplantation
was pursued as treatment of irrecoverable
COVID-19-associated ARDS and post-COVID
fibrosis, which allowed further insight into
COVID-19-associated respiratory failure. By
examining explanted native lung tissue from
COVID-19-associated ARDS transplant recipients
and postmortem lung tissue from patients who
died of COVID-19-associated ARDS, Bharat and
colleagues showed that COVID-19 caused severe
and irreversible lung parenchymal damage that is
molecularly and pathologically similar to end-
stage pulmonary fibrosis.'> When comparing the
three-dimensional matrix organization of end-
stage lung tissue between patients who under-
went transplant for COVID-19-associated ARDS
to those who underwent transplant for idiopathic
pulmonary fibrosis, they found similar disorga-
nized matrix patterns with punctate islands of cells
surrounding fibrotic airway regions. Furthermore,
when comparing single-cell Ribonucleic Acid
sequencing of COVID-19-associated ARDS lungs
to lungs in the end stages of idiopathic pulmonary
fibrosis, there were many similarities across cell
lineages. Of note, they observed an abnormal pop-
ulation of basaloid-like epithelial cells expressing
Keratin-17 (KRT17) in the explanted lung from pa-
tients transplanted for COVID-19-associated
ARDS, which had previously been observed lining
fibroblastic foci in idiopathic pulmonary fibrosis
patients.’>”'® In explanted lung tissue from pa-
tients transplanted for COVID-19-associated
ARDS, Bharat and colleagues found these
KRT17-positive cells localized near collagen
(COL) 1A1-positive cells, which they report is a po-
tential marker for irrecoverable fibrosis.'?

Therefore, like other end-stage lung diseases,
lung transplantation is the only solution for patients
who develop severe COVID-19 irreversible lung
injury, despite optimal medical therapy. Currently,
over 200 lung transplants have been performed for
COVID-19-related respiratory failure in the United
States.’® With the ongoing pandemic, the need
for COVID-19 transplants may remain, making it
critically important to ensure appropriate patient
selection. In addition to patients who have severe
COVID-19-associated ARDS, there is a cohort of
patients who develop respiratory insufficiency af-
ter initially recovering. The acutely ill and those
suffering from chronic respiratory failure from
COVID-19 should be considered distinct subsets.
Although the acutely ill patients should be gener-
ally considered for double lung transplantation,
those in the latter group may benefit from either
double of single, especially if there is no pulmonary
hypertension or opportunistic infections in the
damage native lungs. As there are several reports
describing the acutely ill patients, we discuss a pa-
tient in the latter group.?17:18

CASE REPORT

A 59-year-old woman with history of obstructive
sleep apnea, hypertension, and hyperlipidemia
presented to an outside hospital 3 days after
testing positive for COVID-19 with shortness of
breath and bilateral pulmonary infiltrates on chest
X-ray (CXR) (Fig. 1A). She was admitted to the
Intensive Care Unit for 30 days of high-flow oxy-
gen, with an overall 40-day hospitalization. During
her hospital course, she was never intubated and
received convalescent plasma, tocilizumab, and
intravenous steroids for COVID-19 treatment.
Following her discharge, she had shortness of
breath with minimal activity and was started on
continuous oxygen supplementation.

She presented to our institution as an outpatient
for lung transplant evaluation for her post-COVID
fibrosis 11 months from her initial COVID-19 infec-
tion. Her echocardiogram showed mild concentric
left ventricular hypertrophy (ejection fraction: 69%)
and normal size left atrium, right atrium, and right
ventricle, with normal right ventricular systolic
function. Her right heart catheterization was
notable for moderate nonobstructive coronary ar-
tery disease, but normal pulmonary capillary
wedge pressure and cardiac output with a pulmo-
nary artery pressure of 34/16. Computed tomogra-
phy (CT) of her chest showed poorly defined areas
of ground glass with associated mild bronchiec-
tasis and significant fibrosis in the upper lobes,
with traction bronchiectasis and volume loss
(Fig. 1C). Her lung ventilation perfusion scan
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Fig. 1. Patient’s chest x-ray (A) in the emergency department, 3 days after testing positive for COVID-19 and (B) in
outpatient clinic, POD22 following left single lung transplant. Patient’s computed tomography of chest (C) cor-
onal section. Patient’s explanted left lung (D) with histology using hematoxylin and eosin stain (E) showing rela-
tively uninvolved lung parenchyma directly next to fibrotic lung. (F, G) Immunofluorescence microscopy showing
KRT17 positive staining (magenta) cells next to COL1A1 positive cells (green).

showed grossly equal perfusion to both lungs
(right 54.7% vs left 45.3%), without significant
segmental or subsegmental perfusion defects.
She was listed for left, right, and bilateral lungs
with a Lung Allocation Score of 42.

After 39 days of listing, she received an organ
offer for a single left lung with a positive virtual
crossmatch. She underwent plasma exchange
preoperatively before undergoing her left single
lung transplant, which was uneventful with a total
ischemic time of 3.75 hours for the transplanted
left lung. Final pathology of her explanted lung
(Fig. 1D) showed uninvolved lung parenchyma
next to areas of interstitial fibrosis and capillary
congestion (Fig. 1E). Immunofluorescence micro-
scopy showed KRT17-positive cells localized
near COL1A1-positive cells (Fig. 1F, G), sugges-
tive of irrecoverable fibrosis. Postoperatively, her
hospital course was unremarkable. Given her pos-
itive retrospective crossmatch, she completed
antibody-mediated rejection treatment with multi-
ple plasmapheresis treatments, antithymocyte
globulin, intravenous immunoglobulin, and eculi-
zumab. Postoperative day (POD) 1, she was extu-
bated to high-flow nasal cannula, which was
weaned to nasal cannula on POD 3 and to room
air on POD12. She did not have primary graft
dysfunction. On POD 4, she was transferred out
of the Intensive Care Unit. Her last chest tube
was removed on POD 18 and she was discharged
home with home health services on POD 19. She

was first seen in outpatient clinic on POD 22 and
was noted to be doing well with no need for sup-
plemental oxygen and improving CXR (Fig. 1B).

PREOPERATIVE LUNG TRANSPLANT
EVALUATION

Currently, there are two main indications for lung
transplantation in the setting of COVID-19-related
diseases: irrecoverable COVID-19-associated
ARDS and post-COVID fibrosis. The former pa-
tients will require an expedited inpatient lung trans-
plant work up due to the nature of their disease and
inability to leave the intensive care unit, whereas the
latter patients may be evaluated as an inpatient
versus outpatient setting. Here, the authors discuss
the approaches to inpatient versus outpatient eval-
uations of patients with COVID-19-related indica-
tions for lung transplantation.

Outpatient Lung Transplant Evaluation for
Post-Coronavirus Fibrosis

As the COVID-19 pandemic continues, the number
of patients with post-COVID fibrosis may continue
to increase. In fact, King and colleagues states that
history of severe COVID-19 infection should be
added to the differential diagnosis or contributory
exposure for all fibrotic interstitial lung disease
(ILD) and a part of standard history taking when
working up ILD patients.® Thus, this prompts the
question, “should post-COVID fibrosis be treated
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similarly to those patients with ILD?” The most crit-
ical branch point when deciding to list patients for
lung transplantation involves weighing the current
morbidity and mortality of the underlying lung dis-
ease against the risk of lung transplantation. Multi-
disciplinary transplant teams, consisting of
pulmonologist, surgeons, and others, must decide
where the balance falls between the natural history
course of the patient’s lung disease and the likeli-
ness for transplantation to improve a patient’s
quality of life and longevity. To assist in this
decision-making, in 2014, the International Society
of Heart and Lung Transplantation provided
consensus guidelines on the appropriate timing
of referral and listing of lung transplant candi-
dates.’® However, as the ISHLT criteria predomi-
nantly pertain to progressive fibrotic ILD, and the
rate of progression and potential for improvement
in post-COVID fibrosis is unknown, it remains
questionable whether these criteria can be applied
to post-COVID fibrosis patients.

Data regarding the progression or improvement
of post-COVID fibrosis are limited. From the case
report detailed previously, the co-localization of
KRT17-postive cells near COL1A1-positive cells
on immunofluorescence microscopy from the
explanted post-COVID fibrotic lung suggest that
the fibrosis seen in some cases of post-COVID
fibrosis is, in fact, irrecoverable. However, the
pathogenesis of post-COVID pulmonary fibrosis
is incompletely understood. Multiple fibrogenic
mechanisms have been demonstrated to be
engaged by COVID-19 and include viral activation
of profibrotic pathways, such as alterations in the
renin—angiotensin system and activation of growth
factors, direct cellular injury of macrophages,
endothelial cells, and alveolar epithelial cells,
cytokine-induced injury through immune recruit-
ment, and mechanical injury from barotrauma
and extracellular matrix dysregulation.?®

Although the previous case report demonstrates
sustained irrecoverable post-COVID fibrosis, there
are other studies which have reported anywhere
from persistent fibrotic abnormalities to complete
radiographic resolution of fibrotic changes on
chest CT following COVID-19 infection. Han and
colleagues prospectively followed 114 patients
with severe COVID-19 pneumonia for 6 months
following infection where they found that 35% of
patients continued to have fibrotic-like changes
on chest CT, whereas 38% of patients had com-
plete radiologic resolution, and 27% of patients
had residual ground-glass opacifications or inter-
stitial thickening.2" In a study analyzing 3 month
follow-up in 52 patients who had COVID-19 with
an initial abnormal CT chest, 42% of patients
continued to have residual CT chest abnormalities.

Although those with residual radiographic abnor-
malities were also more likely to be symptomatic,
with shortness of breath, chest pain, or cough,
33% of those patients with complete radiographic
resolution were also symptomatic.?®> The persis-
tence of symptoms despite radiographic findings
highlights the need to not only consider radio-
graphic findings but also pulmonary function tests
(PFT). In fact, in a group of 57 patients who expe-
rienced anywhere from mild to severe COVID-19
infection, 75% of patients had abnormalities on
PFTs 30 days after discharge.?® Furthermore,
Guler and colleagues found that 4 months
following mild/moderate COVID-19 infection,
average PFT was normal, as opposed to 4 months
following severe COVID-19 infection where pa-
tients averaged lower lung volumes and abnormal
and reduced diffusion capacity.>* Together, these
studies show that although there is a subset of pa-
tients who will recover, there is a subset of patients
who continue to remain symptomatic with clear
radiologic lung fibrosis, who are candidates for
lung transplantation. Risk factors for the develop-
ment of those in the latter group are older age,
history of smoking or alcohol abuse, severe
COVID-19 infection, longer Intensive Care Unit ad-
missions, and need for mechanical ventilation.?®
When deciding whether or not those patients
with symptomatic post-COVID should be worked
up for transplant, one should first carefully assess
for previously unrecognized fibrotic lung disease,
as an estimated 2% to 7% of nonsmokers and
4% to 9% of smokers have interstitial lung abnor-
malities which often go undetected in the absence
of CT chest imaging.?® This can be done by
reviewing any available chest imaging done before
COVID-19 infection and by obtaining a thorough
history (symptoms before COVID-19 infection,
occupational or other exposures associated with
ILD, family history of ILD, and associated signs
and symptoms of connective tissue disorder).
Following, baseline PFT, chest CT, and 6-min
walk test (6BMWT) should be performed. Those pa-
tients who have residual pulmonary sequelae,
especially those with significant morbidity, should
then subsequently be referred to pulmonary reha-
bilitation. Furthermore, a trial of corticosteroids
should be considered as preliminary studies docu-
ment a benefit in those patients with radiographic
findings of organizing pneumonia.?’~2° Patients
should be serially followed with repeat PFT, CT
chest, and 6MWT. Those patients who demon-
strate disease progression should then be consid-
ered for a trial of anti-fibrotic therapy, with either
pirfenidone or nintedanib. However, clinical trials
investigating the effects of these interventions
are ongoing.’°=2 Lung transplantation should



then be considered for those patients with pro-
gressive or residual disease with substantial
morbidity related to the lung disease. These pa-
tients undergoing transplant work up should sub-
sequently undergo screening for anxiety,
depression, and other mental health disorders
which may have developed since their COVID-19
infection, given the substantial and diverse mental
health burden noted in COVID-19 patients after
hospitalization.®® If any mental health disorders
are newly identified, patients should be referred
for appropriate treatment before transplant. Of
note, for those patients with nonprogressive dis-
ease, all efforts for optimal medical management
and rehabilitation should be trialed with enough
time for recovery before considering lung trans-
plantation. Although it remains uncertain what a
sufficient amount of time for recovery for these
static post-COVID fibrosis patients would be, the
authors of this article suggest a minimum of
6 months to 1 year based off a recent review article
investigating treatments for post-COVID fibrosis,
recommending medical treatment for 6 months,
and historic data of SARS patients with fibrotic
lung damage showing recovery within 1 year.34-3¢

Inpatient Lung Transplant Evaluation for
Coronavirus-19 Patients

In general, there are two types of patients under-
going inpatient lung transplant evaluation for
COVID-19-related illness: those with COVID-19-
associated ARDS, either on mechanical ventilation
or ECMO with inability to wean, or those who have
cleared their initial COVID-19 infection, but have
high supplemental oxygen requirements, prohibit-
ing them from a safe discharge. Timing of trans-
plant evaluation in these patients is even more
critical than those with post-COVID fibrosis pa-
tients discussed previously. Clinicians must iden-
tify those patients with COVID-19-associated
ARDS who are likely to recover, without transplant,
while simultaneously not waiting too long to see if
a patient will recover allowing time for the patient
to develop severe complications and decondition-
ing which would then preclude them from
transplantation.

The first question to ask when evaluating any
inpatient COVID-19 patient is, “Do they have any
contraindications to lung transplantation?” This
serves as an appropriate initial screening question
for this population as if the patient already has a
well-known contraindication to lung transplanta-
tion, the option of salvage lung transplantation
can be taken out of consideration. Currently
accepted general criteria for the selection of
COVID-19 patients for lung transplantation are

Lung Transplantation in COVID-19 Patients

outlined in Box 1. Of note, with regard to malig-
nancy, patients should not have an active or recent
malignancy. Patients should have a minimum of 2-
year disease-free interval from cancer with a low
likelihood of cancer recurrence.® In addition, the
last criteria listed in Table 1 brings up another crit-
ical issue: “Is the patient agreeable to lung trans-
plantation?” This would require the patient to be
off sedation and have the capacity to provide
informed consent. However, in many cases of
COVID-19-associated ARDS, the patient cannot
be taken off sedation without severe hypoxemia
and hemodynamic instability. In these instances,
every effort should be made to safely wake patients
up to discuss lung transplantation, provide educa-
tion, assess patient interest in the procedure, and
obtain informed consent. If sedation is unable to
be safely held, it is recommended for clinicians to
demonstrate the absence of irreversible brain injury
through either physical assessment and brain imag-
ing (ie, CT) or neuropsychological consultation.

Box 1
General criteria for lung transplantation in
coronavirus-19 patient

Age less than 65 year old, with extension to less
than 70 year old in exceptionally fit patients

Isolated lung failure (single-organ failure),
however, in certain cases multi-organ transplan-
tation can be considered

Absence of malignancy
No disabling comorbidities

No substance dependence (alcohol, drugs, and
so forth)

Not an active smoker

Body mass index between 17 and 32 kg/m? (ex-
ceptions allowed on case-by-case basis)

Reliable postoperative social support (at mini-
mum: one primary and one secondary
caregiver)

Insurance approval and/or financial support
identified for transplant associated care

Patient is participating in physical therapy
while hospitalized (exceptions allowed for
select cases undergoing urgent transplant
evaluation, with a high potential for posttrans-
plant recovery, and rehabilitation is hindered
predominantly due to pulmonary failure from
COVID-19)

Patient and social support in agreement to lung
transplantation and willing to relocate close to
transplant center for a period established by the
transplant center
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patients with COVID-19

Table 1

Summary of published literature on coronavirus-19-related lung transplantation
Month-Year

Authors Title Published Summary

King et al,® 2010 Lung transplantation for Aug-21 Review paper discussing

approaches to lung
transplantation in the setting
of post-COVID fibrosis or
COVID-19-associated ARDS by
high-volume lung transplant
providers.®

outcomes of patients

with COVID-19-associated
acute respiratory distress
syndrome who underwent
lung transplant

Bharat et al,’?> 2020 Lung transplantation for Nov-20 Case series detailing the
patients with severe approach to/outcomes of three
COVID-19 patients with COVID-19-

associated ARDS and additional
investigation of explanted lung
tissue from the transplants and
comparison to control lung
samples.'?

Roach et al,'® 2022 Lung transplantation for Mar-22 A retrospective review of lung
COVID-19-related transplants performed
respiratory failure in the between August 2020 and
United States September 2021 reported in

the United Network for Organ
Sharing (UNOS) registry,
investigating the survival and
clinical outcomes of those
transplants performed for
COVID-19 respiratory failure.®

Bharat et al,’” 2021 Early outcomes after lung Mar-21 International, multicenter case
transplantation for series of 12 patients who
severe COVID-19: a series underwent bilateral lung
of the first consecutive transplantation for COVID-19-
cases from four countries associated ARDS from May to

September 2020."”

Kurihara et al,'® 2022 Clinical characteristics and Jan-22 A retrospective, single-center,

case series of 102 consecutive
lung transplants, from January
2020 to September 2021, which
analyzed the clinical outcomes
of patients undergoing lung
transplantation for COVID-19-
associated ARDS and compared
them with the outcomes of
lung transplant patients
without COVID during that
time."®

Furthermore, clinicians then must discuss lung
transplantation with the patient’s medical power
of attorney who can provide informed decisions in
line with the patient’s wishes."”

Once patients have passed these first screening
criteria, the next question to ask is: “Will the pa-
tient’s lungs recover?” As much is still unknown
regarding the timeline or possibility of recovery
following acute lung injury from COVID-19, this
question requires the best judgment of a

multidisciplinary lung transplant team. Patients
should undergo an appropriate trial of standard-
of-care medical therapy for their COVID-19 infec-
tion to optimize any possibility of lung recovery.
Although pharmaceutical approaches to COVID-
19 are evolving, this trial should otherwise include
lung-protective ventilation and negative fluid bal-
ance as these clinical practices are critical to pre-
vent worsening lung injury.® Currently, the
literature supports a minimum of 4 to 6 weeks’



time to allow for lung recovery from the onset of
COVID-19-associated ARDS before lung transplan-
tation; however, many centers wait for
>8 weeks.®'2'7  Specifically for COVID-19-
associated ARDS patients supported on ECMO,
Kurihara and colleagues showed that patients
should be supported for at least 4 weeks before
consideration of lung transplantation.'® Exceptions
can be made to the minimum 4 week wait period if a
life-threatening pulmonary complication arises first,
which cannot be managed medically or with extra-
corporeal life support (ECMO) and requires lung
transplantation. Furthermore, it is recommended
that two physicians, from two different specialties
(surgery, critical care, or pulmonology), agree that
lung recovery is unlikely despite optimal medical
management. Of note, lung transplantation should
not be considered in cases where patients are
showing ongoing lung improvement, regardless of
time elapsed in COVID-19-associated ARDS."”
CT imaging may have a possible role in aiding
physicians in assessing the progression/recovery
of lung injury in COVID-19 patients and distinguish-
ing patients who have irrecoverable lung damage.
King and colleagues report that CT chest findings
such as traction bronchiectasis and subpleural
fibrosis are suggestive of irreversible injury in
COVID-19 patients, whereas ground-glass infil-
trates are potentially reversible.® Furthermore, we
have previously discussed how other studies
have seen resolution of fibrotic changes on CT
scan following COVID-19 infection, showing the
potential utility for CT imaging to discern these
two patient populations.?"??> CT chest imaging
can additionally assist in defining potentially treat-
able causes of lung dysfunction, such as organizing
pneumonia, pulmonary edema, or pleural disease.®
The final essential question to ask when working
up inpatient COVID-19 patients for lung transplan-
tation is, “Has the patient cleared their COVID-19
infection?” Current literature states that immuno-
competent patients with severe COVID-19 infec-
tion have cleared all active virus by 20 days from
symptom onset, whereas severely immunocom-
promised patients may continue to have active vi-
rus for significantly longer.>”-*® As transplantation
will require immunosuppression, especially in the
early posttransplant period, any residual active vi-
rus is a major threat to the transplant patient. There-
fore, experts in COVID-19-related lung
transplantation suggest a very conservative
approach when proving clearance of the virus.
Most patients are initially diagnosed with COVID-
19 through real-time polymerase chain reaction
(RT-PCR) testing, which detects COVID-19 Ribo-
nucleic Acid on upper respiratory tract samples,
although lower respiratory tract samples have

Lung Transplantation in COVID-19 Patients

higher viral loads and are therefore less likely to
have a false negative result.>® However, positive
RT-PCR results are limited as this does not neces-
sarily indicate actively replicating virus as the Ribo-
nucleic Acid from viral fragments can cause
persistent positive RT-PCR results. Viral culture is
the gold standard test to establish active virus;
however, given the potential infectious control is-
sues with performing viral cultures, these are not
widely available.*® Therefore, to prove clearance
of COVID-19 infection in lung transplantation eval-
uation, expert consensus recommends two nega-
tive RT-PCR tests, obtained at least 24 hours
apart from bronchial alveolar lavage samples. In
cases where patients are not on the ventilator and
without tracheostomy, the two negative RT-PCR
tests may be obtained from a nasopharyngeal
swab.!” Although this approach may delay lung
transplantation unnecessarily in those patients
who have persistent positive testing, given the se-
vere potential morbidity of transplanting patients
with active infection, this conservative approach
has been accepted.

Single Versus Bilateral Lung Transplant Listing

Initially, only bilateral lung transplantation was
recommended for COVID-19-related lung trans-
plantation as many COVID-19 patients being
evaluated for lung transplant had developed sig-
nificant pulmonary hypertension, which would
only be addressed by bilateral lung transplanta-
tion.3%-40 Furthermore, as explants from the initial
COVID-19 lung transplant recipients had cavitary
areas of pneumonia, there was concern that
these could serve as nidus of future infection if
single lung transplantation was pursued, espe-
cially once postoperative immunosuppression
was started.*® However, as more lung transplants
are performed for post-COVID fibrosis, we
believe that there will be a utility for single lung
transplantation with careful patient selection, as
highlighted in our previously discussed case
report. We propose if when patients undergo
extensive outpatient lung transplant workup,
there is no pulmonary hypertension, and only
mild—moderate, but not severe fibrosis, on CT
chest, single lung transplantation may be consid-
ered. A lung ventilation perfusion scan would sub-
sequently be needed to assess the ideal side for
single lung transplantation, and if even, the pa-
tient may receive either laterality.

OPERATIVE APPROACH

Performing lung transplantation in patients with
COVID-19-related ARDS is not the same as
performing lung transplants in those with non-
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COVID-19-related indications. Kurihara and col-
leagues performed a study comparing clinical
characteristics and outcomes of patients undergo-
ing lung transplant for COVID-19-associated
ARDS to those undergoing lung transplant for
chronic end-stage lung disease without COVID-
19, where they demonstrated the complexity and
challenges associated with COVID-19-associated
ARDS lung transplants. They noted patients
undergoing lung transplantation for COVID-19-
associated ARDS had nearly double the lung allo-
cation scores compared with those with chronic
end-stage lung disease without COVID-19 (85.8
vs 46.7). Furthermore, they reported that 56.7%
of COVID-19-associated ARDS lung transplant re-
cipients were on preoperative ECMO, compared
with 1.4% of non-COVID-19 transplants, high-
lighting just how sicker the COVID-19-associated
ARDS lung transplant patient is compared with
standard lung transplant recipient. Intraopera-
tively, they found COVID-19-associated ARDS
lung transplants had higher rates of veno-arterial
ECMO use (96.7% vs 62.5%) and required more
intraoperative red blood cell transfusions (6.5 units
vs 0 units) and longer operative time (8.5 vs
7.4 hours), demonstrating the technical challenges
associated with performing transplants in this
population.’®

When performing lung transplantation for COVID-
19-associated ARDS, there are a couple critical
operative factors to note. First, surgeons should
prepare to perform the lung transplantation on car-
diopulmonary bypass or veno-arterial ECMO sup-
port.”® Although the use of cardiopulmonary
bypass is potentially associated with worse out-
comes in lung transplantation because of the high
incidence of pulmonary hypertension, right ventric-
ular dysfunction, and pleural adhesions in patients
with COVID-19-associated ARDS, surgeons should
use intraoperative cardiopulmonary support when
performing these transplants.’”*' VA-ECMO can
be used in place of cardiopulmonary bypass to
reduce total blood loss and need for blood transfu-
sion which are anticipated with cardiopulmonary
bypass.*>~** However, in patients that have exten-
sive and thick pleural adhesions, there is a possibil-
ity of entraining air in the ECMO circuit during the
dissection. Hence, we suggest that either cardio-
pulmonary bypass be considered in those patients
or at least be available for immediate conversion in
case of emergency. Second, it is important to
expect high intraoperative blood loss and be pre-
pared to give a large number of blood products.
This is likely secondary to the increased complexity
of lung transplantation in COVID-19-associated
ARDS patients due to factors such as pleural adhe-
sions, fragile tissue quality, and platelet dysfunction

form preoperative ECMO support.*>*2 When the
blood loss is too extensive, the use of cardiopulmo-
nary bypass may be required, although it would
have the attendant risk of disseminating pulmonary
pathogens through the systemic circulation.

POSTOPERATIVE MANAGEMENT

Following transplantation, these COVID-19 lung
transplant patients must be followed closely.
King and colleagues report that COVID-19 lung
transplant recipients had no different course or
risk of specific posttransplantation complications
compared with a general transplant population,
but they attributed this to the patients being
closely monitored and evaluated before trans-
plant. Conversely, Kurihara and colleagues report
COVID-19-associated ARDS lung transplant pa-
tients had higher rates of Primary Graft Dysfunc-
tion (grades 1-3) and permanent hemodialysis
use and longer postoperative ventilator require-
ments, Intensive Care Unit stays, and overall hos-
pital admissions compared with non-COVID-19-
related transplants. However, they additionally re-
ported that COVID-19 lung transplant recipients
had a higher rate of improvement in their Karnof-
sky Performance Status after lung transplant
compared with the non-COVID-19 transplants.’®
Bharat and colleagues note that this prolonged
ventilation and difficult initial recovery are ex-
pected as this COVID-19 patient population are
generally deconditioned before transplant and
that this highlights the importance of appropriate
selection of patients with a healthy baseline status
before their COVID-19 infection, so they may
safely tolerate the posttransplant rehabilitation.”
Taken together, the increased complexity of both
the lung transplant operation and postoperative
management highlights the need for COVID-19
lung transplantation to be performed in high-
volume centers with access to many hospital
resources.

OUTCOMES

As it has only been 2 years since the first COVID-
19-related lung transplant was performed in June
2020, there is no long-term data on COVID-19
lung transplant outcomes (see Table 1). However,
studies have shown short-term survival greater
than 90% at both 3 months and 1 year."” Roach
and colleagues performed a retrospective review
of the United Network for Organ Sharing (UNOS)
registry, analyzing lung transplants performed be-
tween August 2020 and September 2021, where
they found COVID-19-related lung transplants
made up 7% of all lung transplants. Of the 214



COVID-19-related lung transplants identified, 65%
were performed for COVID-19-associated ARDS
with the remaining performed for post-COVID
fibrosis. This is the largest study analyzing
COVID-19-related lung transplant outcomes pub-
lished and they report a 2.2% 30-day mortality
with 95.6% 3-month survival rate, which rivals
the survival rate among patients undergoing lung
transplantation for non-COVID-19-related indica-
tions.'® Overall, lung transplant for COVID-19-
related indications is becoming more common
and current outcomes of COVID-19-related lung
transplantation are promising.

FUTURE DIRECTIONS

As the COVID-19 pandemic continues with more
waves and new subvariants, lung transplantation
for COVID-19-related respiratory failure will
become increasingly more common. As we get
farther out from the initial COVID-19 lung trans-
plants, further studies will be needed to analyze
long-term outcomes of these transplant recipients
and see how they compare to non-COVID-19-
related lung transplants. Further studies will also
be needed to investigate the outcomes of
COVID-19 single lung transplants and how they
compare to those who received bilateral lung
transplants. As COVID-19-related lung transplan-
tation demand increases, especially as more pa-
tients develop post-COVID fibrosis, expanding
the donor pool of lungs through the use of single
lung transplantation must be considered. Finally,
as we learn more about the COVID-19 virus and
the natural course of disease, we must continu-
ously revise our guidelines and criteria for lung
transplant evaluation and patient selection.

SUMMARY

COVID-19 can result in severe irrecoverable ARDS
or life-limiting fibrosis for which lung transplanta-
tion is currently the only viable treatment.
COVID-19 lung transplantation has transformed
the field of lung transplantation, as before the
pandemic, few transplants had ever been per-
formed in the setting of infectious disease or
ARDS. Given the complexities associated with
COVID-19 lung transplantation, it requires strict
patient selection with an experienced multidisci-
plinary team in a high-resource hospital setting.
Current short-term outcomes of COVID-19 lung
transplantation are promising; however, further
follow-up studies are needed to determine long-
term outcomes and whether this subset of lung
transplant patients may be predisposed to unique
complications.

Lung Transplantation in COVID-19 Patients

CLINICS CARE POINTS

e Lung transplantation is the only viable
treatment option for patients with severe
irrecoverable COVID-19-associated ARDS or
life-debilitating post-COVID fibrosis and
shows promising short-term outcomes.

e COVID-19-related respiratory failure lung
transplantation requires strict patient selec-
tion and extensive lung transplant evaluation
must be done.

e COVID-19-related respiratory failure lung
transplants are complex and should be done
at high-volume centers with multidisciplinary
teams.
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